Although pregnancy events predict the long-term risk of chronic disease, little is known about their short-term impact because of the rarity of clinical events. We examined hospital discharge diagnoses linked to birth certificate data in the year following delivery for 849,639 births during 1995-2004 in New York City, New York. Adjusted odds ratios characterized the relationship between pregnancy complications and subsequent hospitalization for cardiovascular disease, stroke, and diabetes. Gestational hypertension was related to heart failure (adjusted odds ratio = 2.6, 95% confidence interval: 1.5, 4.5). Preeclampsia was related to all of the outcomes considered except type 1 diabetes, with adjusted odds ratios ranging from 2.0 to 4.1. Gestational diabetes was strongly related to the risk of subsequent diabetes (for type 1 diabetes, adjusted odds ratio = 40.4, 95% confidence interval: 23.8, 68.5; for type 2 diabetes, adjusted odds ratio = 22.6, 95% confidence interval: 16.9, 30.4) but to no other outcomes. The relationship of pregnancy complications to future chronic disease is apparent as early as the year following delivery. Moreover, elucidating short-term clinical outcomes offers the potential for etiological insights into the relationship between pregnancy events and chronic disease over the life course. cardiovascular disease; diabetes; gestational diabetes; preeclampsia; pregnancy; stroke A predictive relationship between the course of pregnancy events and chronic disease later in life is well established, with changes in blood pressure, lipids, and glucose tolerance during pregnancy predicting future chronic diseases (1, 2). Preeclampsia, in particular, is predictive of cardiovascular disease morbidity and death over the life course (3). However, the array of chronic diseases predicted by pregnancy complications is incomplete, and research on the health experience of parturients in the period soon after delivery, when clinical outcomes are relatively rare, has addressed only cardiovascular risk markers, not clinical endpoints (4, 5).
A predictive relationship between the course of pregnancy events and chronic disease later in life is well established, with changes in blood pressure, lipids, and glucose tolerance during pregnancy predicting future chronic diseases (1, 2) . Preeclampsia, in particular, is predictive of cardiovascular disease morbidity and death over the life course (3) . However, the array of chronic diseases predicted by pregnancy complications is incomplete, and research on the health experience of parturients in the period soon after delivery, when clinical outcomes are relatively rare, has addressed only cardiovascular risk markers, not clinical endpoints (4, 5) .
The causal pathway relating pregnancy complications to chronic diseases is unclear: the underlying (often undiagnosed) chronic disease may cause the pregnancy complication; the pregnancy complication may cause the chronic disease onset, exacerbation, or identification through medical care; or both conditions may result from an underlying predisposition. To the extent that events in pregnancy are associated with serious chronic diseases in the period after delivery, there is the potential for etiological insights connecting pregnancy disorders with chronic disease over the life course and, therefore, preventive interventions.
In this study, we examined the relationship between disorders of pregnancy and postpartum hospitalizations with a new diagnosis of cardiovascular disease, stroke, or diabetes in the year following delivery. We hypothesized that women with gestational diabetes, gestational hypertension, or preeclampsia would be more likely to be diagnosed with new diseases in the year following delivery.
METHODS
Data on all births in hospitals in New York City, New York, were included by linking birth certificates to hospital discharge data. Hospital discharge information, including diagnosis codes, is generated by abstractors working at the hospitals and is used for billing purposes, with the amount of reimbursement from insurance companies dependent in part on the presence of codes for complications and preexisting disease. Starting with 978,545 births to New York City residents with linked hospital and birth certificate information, we excluded those reported to have cardiovascular disease, hypertension, or diabetes prior to delivery, as well as those with nonsingleton births, stillbirths, births occurring outside the 1995-2004 period, and those with missing covariates, leaving 849,639 births in the final analysis. Information was available on the mother's age, ethnicity, insurance status, parity, education, prenatal smoking, prepregnancy weight, and up to 15 International Classification of Diseases, Ninth Revision, Clinical Modification, codes for medical conditions, which included diagnostic codes for gestational hypertension, preeclampsia, and gestational diabetes ( Table 1) .
The chronic disease outcomes were identified using the methods of Birman-Deych et al. (6) , based on hospital discharge diagnoses at some time in the year following delivery. We evaluated risks of heart failure, intracranial hemorrhage, stroke/transient ischemic attack, coronary heart disease, deep vein thrombosis, type 1 diabetes, and type 2 diabetes (Table 1) .
We examined data on gestational hypertension, preeclampsia, and gestational diabetes, and we show results for parity, given its strong association with hypertensive disorders, as well as multiple gestations (for which we relaxed the restriction to singletons). Demographic and social characteristics included in the analyses of pregnancy complications were calendar time, maternal age, maternal race/ethnicity, insurance status, maternal education, prenatal smoking, and prepregnancy weight.
We generated adjusted odds ratios for each of the predictors for each of the chronic disease outcomes with adjustment for all other predictors included in the model, specifically the other social, demographic, and clinical characteristics noted above. We did not mutually adjust for gestational hypertension and preeclampsia in the analyses. The analysis of multiple gestations was unadjusted because of limited numbers of diagnosed cases among the pregnancies resulting in nonsingleton births. All analyses were conducted using SAS, version 9.3, software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
The absolute frequency of the outcomes was low, as expected for a 1-year follow-up period of women of reproductive age, with cumulative incidence rates ( per 100,000 livebirths) of 30 for heart failure, 25.0 for type 2 diabetes, 23.3 for deep vein thrombosis, 14.8 for stroke/transient ischemic attack, 9.5 for coronary heart disease, 8.4 for type 1 diabetes, and 8.0 for intracranial hemorrhage (Table 2) . Disease outcomes tended to increase over calendar time. All diseases except deep vein thrombosis and type 1 and type 2 diabetes increased with maternal age, and black women were at higher risk for all outcomes compared with non-Hispanic white women (data not shown). Higher parity was associated with higher risk of coronary heart disease and deep vein thrombosis even after adjustment for maternal age, and it was less strongly related to intracranial hemorrhage and stroke/transient ischemic attack (Table 2) . Gestational hypertension was clearly associated only with heart failure, whereas preeclampsia was strongly associated with all of the chronic diseases, most strongly with heart failure and least so for diabetes. Gestational diabetes was associated only with subsequent hospitalization for diabetes, with a markedly elevated odds ratio (for type 1 diabetes, adjusted odds ratio = 40.4, 95% confidence interval: 23.8, 68.5; for type 2 diabetes, adjusted odds ratio = 22.6, 95% confidence interval: 16.9, 30.4). Despite the very high odds ratios, only 0.1% and 0.3% of all women with gestational diabetes were hospitalized with a diagnosis of type 1 diabetes or type 2 diabetes, respectively, in the year following delivery. Although results should be interpreted cautiously because they are unadjusted for covariates, multiple gestations were associated with higher risk of all conditions except type 2 diabetes, most notably heart failure, intracranial hemorrhage, and coronary heart disease.
DISCUSSION
Hypertensive disorders of pregnancy strongly predicted short-term risk of hospitalization for chronic disease within a year of delivery, consistent with the results of previous studies of short-term risk of stroke (4) and longer-term risks of cardiovascular disease (3, 7, 8) and metabolic syndrome (9) . These associations were much stronger than those for gestational diabetes. Also, the predictive impact of hypertensive disorders was generally observed across the outcomes, and, as in our study, the more severe the hypertensive disorder in pregnancy, the greater the magnitude of association with thromboembolism and cardiovascular disease (10). In contrast, the predictive impact of gestational diabetes was highly specific to diabetes, for which it was quite strong, as has been found in other follow-up studies (11) . As in our study, the predictive impact of preeclampsia on subsequent diabetes was present but smaller in magnitude, with an approximately 2-fold increase (12) . Other studies have suggested an association between gestational diabetes and later cardiovascular disease, in contrast to our findings (13) . Although the absolute rarity of the clinical health endpoints precludes prospective cohort studies with original data collection, these results encourage more research on etiological pathways that temporally connect the events in pregnancy with events in later life. Our investigation was limited to the information that can be gleaned from discharge diagnoses at the time of delivery and in the subsequent year, with imperfect measures of the diseases of interest and a lack of information on the relative timing of onset of chronic disease and pregnancy complications. We excluded women with prepregnancy heart disease, hypertension, or diabetes documented at the delivery hospitalization, but a woman may have had preexisting heart disease that was undocumented at delivery. However, given the importance of such preexisting conditions to the management of pregnancy, it seems likely that major disorders would be noted because of their clinical importance in managing the delivery and a financial incentive to document conditions that justify additional charges. Pregnancy may aggravate a preexisting condition, but we are not able to compare women with such underlying disease who do or do not become pregnant to evaluate the impact of pregnancy on that subset of women. Because our inferences are limited to the occurrence of the conditions resulting in hospitalizations in the year after delivery, we were not able to evaluate less severe clinical events and outcomes not resulting in hospitalization, including lipid levels and other cardiovascular risk markers. The quality of hospital discharge data for examining the presence of pregnancy complications has been examined in a number of studies and generally found to be quite good compared with full medical record review and far superior to the use of birth certificates alone (14, 15) .
Empirically, the prediction of hospitalizations for cardiovascular disease, stroke, and diabetes is closely related to hypertensive disorders in pregnancy and, in the case of diabetic hospitalizations, to the presence of gestational diabetes. Although there is good reason to question whether these later events result from common antecedents or from an impact of the pregnancy events (16), our results support clinical vigilance after delivery in patients with pregnancy complications and encourage continued investigation into the etiological pathways underlying these strong but poorly understood associations between events in pregnancy and chronic disease.
